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NEURVSMS of the vertebral and basilar
arteries constitute about one sixth of all intracranial aneurysms. Before the introduction of vertebral angiography, these lesions were diagnosed either after death or during the exploration of a posterior fossa mass. In cases where surgical correction was attempted, the mortality was prohibitively high, and until recently the general attitude favored conservative treatment. Experience with the treatment of other intracranial aneurysms has increased our knowledge of the behavior of bleeding aneurysms and their effects on the cerebral vascular tree, particularly in the period immediately after subarachnoid hemorrhage (SAH). At the same time, clinical grades have been established to guide the proper timing for surgery." Improved neuroanesthesia, especially induced hypotension, allows intraoperative manipulation of the aneurysm, a critical maneuver required to identify and protect small perforating arteries originating from the basilar tip.
The first successful direct surgical treatment of a small posterior fossa aneurysm was reported by Schwartz in 1948.12 With the aid of factors outlined above, surgeons have assumed a progressively more aggressive approach to the treatment of vertebral and basilar aneurysms? .2,1~ Aneurysms at the basilar bifurcation have been set apart for separate consideration because of their intimate relations to small perforating arteries supplying the upper brain stem, a feature umque to aneurysms in this location, a,5
This report reflects the evolution of our experience with the surgical treatment of upper basilar aneurysms and stresses the importance of detailed preoperative vertebral angiography 1,2 and the intraoperative adjuncts of induced hypotension and cerebral relaxation.
Clinical Material
Between March, 1970, and January, 1975, 15 patients with basilar aneurysms have been treated at this institution by one of us (CBW). With one exception, all cases were diagnosed by vertebral angiography during the course of investigation for SAH. Preoperative care was similar to that for supratentorial aneurysms. In all cases, the approach has been toward occlusion of the base of the aneurysm with a clip. In situations where either the application of a clip was not feasible or the applied clip did not approximate the parent artery, the entire lesion was then encased either with muslin (Cases 2, 6, 10, and 15) or with muslin and an adhesive (Cases 3, 5, 7, 9, 11, and 13). Postoperative angiography was performed in 10 cases. Postoperative angiograms were not performed in cases treated by reinforcement alone. Five of this latter group of patients have been followed from 8 months to 5 years, and in none has there been an indication for angiographic reevaluation.
A summary of clinical data in these 15 patients is given in Table 1 . There were seven men and eight women, with ages ranging from 36 to 60 years. Three patients had one or more additional aneurysms, and one patient had an associated cerebellar vascular malformation (AVM). With the exception of Case 13 all aneurysms had bled. The single unruptured basilar tip aneurysm had enlarged and was associated with a new subterminal aneurysm at the time of follow-up angiography 2 years after clipping of a ruptured carotid aneurysm. Two aneurysms bled before enlarging to present as masses, 7 and 2 years later.
The interval between SAH and operation is indicated in Table 1 . With the exception of Cases 8 and 11, both of which had major neurological deficits caused by giant, partly thrombosed aneurysms, all patients were in Grades I or II at the time of operation. The grading of the patient's clinical status follows the classification of Hunt and Hess?
Surgical Technique
The operative approach followed the procedure described by Drake with only minor modifications? '6 Whenever possible the aneurysm was approached beneath the right temporal lobe. The operating microscope was used after the dura was opened, and sharp dissection with scissors and knife blade was used to expose the neck of the aneurysm. When required for adequate exposure, the tentorium was incised and retracted with stay sutures. Hypotension to a mean pressure of 50 mm Hg was induced before manipulating the aneurysm. The duration of hypotension ranged from 7 minutes to 1 hour and 20 minutes. After the first four cases, moderate hypothermia (31 ~ to 33 ~ C) was used routinely. We prefer ventricular drainage to spinal removal of cerebrospinal fluid (CSF) to reexpand the retracted hemisphere and reduce the opportunity for development of a postoperative hematoma. Controlled ventilation was used to maintain the pCO~ between 25 and 30 mm Hg. Unless preoperative angiography indicated large ventricles that could be drained during surgery, mannitol was administered to obtain adequate relaxation of the brain.
Two minor modifications of Drake's technique have seemed advantageous. We prefer skull fixation to produce a motionless field. A more anterior approach reduces the amount of retraction on the cerebral peduncle, and a more anteriorly situated bone flap can be turned by fashioning a scalp flap based frontally with the inferior limb curving down to the zygomatic arch rather than the inferiorly based scalp flap preferred by Drake.
Summary of Cases
Figures 1 and 2 show the location of the aneurysms in these 15 patients, and Table 1 summarizes the surgical methods and postoperative course.
Morbidity
Complications were encountered in the early part of this series. Each of the first six patients had one or more complications in contrast to the complication-free course of the last nine patients.
Two patients (Cases 1 and 3) had postoperative hematomas requiring evacuation, one with full recovery and the other with residual but improving hemiparesis. Four patients (Cases 2, 4, 5, and 6) developed hemiparesis in the postoperative period, in two cases ipsilateral to the side of craniotomy. In all four cases arterial spasm was documented, in three by angiography and in one by direct observation during the course of reexploration. Two patients (Cases 2 and 5) developed postoperative hydrocephalus requiring shunting; in one there was the added complication of shunt infection.
One patient (Case 6) developed choreiform movements in the late postoperative period. Although the movement disorder could be ascribed to vasospasm with infarction, one perforating artery was included in Upper basilar artery aneurysms the clip and we accept this complication as a technical error. Table 1 summarizes the results in this series. All patients had a postoperative oculomotor palsy. Except for pupillary dilatation, recovery was complete or nearly so within 3 months. Only two patients failed to achieve binocular vision: in Case 6 the course was complicated by a postoperative left (contralateral) oculomotor palsy, and in Case 11 by a long-standing left oculomotor palsy. The patient in Case 5 has binocular vision but with slight residual ptosis.
Postoperative Condition
One patient died in the first year after operation. Death was caused by complications following a fractured hip sustained in a fall. Thirteen patients have been followed for 5 months to 5 years. Twelve patients are intellectually intact, eight of them neurologically intact and engaged in their customary activities. Of the four patients who are impaired but ambulatory with mild to moderate hemiparesis, one is employed but has mild impairment of memory and slight spasticity of the right limbs. One patient has been lost to follow-up.
Discussion
Because of the referral pattern to our service, few patients were admitted in the first 2 weeks after the last SAH. This factor and the Grade I or Grade II status of 13 patients indicate the selection exercised in recommending surgical intervention. Excluding the two Grade III patients with giant aneurysms, the value of added experience is evident.
Chronologically, all of the first six patients had a complicated course with significant morbidity and sequelae. In contrast, the nine patients treated subsequently have emerged neurologically intact and eight have resumed their customary activities.
Drake has delineated the principles for the operative approach to aneurysms of the basilar artery? ,e Certain adjuncts are essential and others have seemed useful in our hands. In the former category are microscopic technique, a lax brain achieved by osmotic agents and drainage of CSF, and hypo-Upper basilar artery aneurvsms tension, including modest hyperventilation and hypothermia, during dissection around the aneurysm. A wide array of clips, including Drake's clip with blades especially designed to accommodate the posterior cerebral artery, should be at hand; for aneurysms that cannot be safely clipped, material for reinforcement must be available. For reinforcing aneurysms we prefer muslin impregnated with Biobond or methyl methacrylate, and we have seen no complications ascribable to the effects of these materials applied directly to neural and vascular tissues. 7, 8 We have obtained maximum preoperative information on the aneurysm's morphology and its relationship to parent and adjacent vessels by viewing the aneurysm in multiple projections. Routine posteroanterior, Towne's, and lateral views are studied before obtaining the special views required to visualize the junction of the aneurysm's base with the parent basilar artery. A base view has been particularly informative. Often several projections with different degrees of obliquity are required for precise definition of the lesion.
Because of the deep and often prolonged retraction required to expose aneurysms in this location, like Drake we are reluctant to undertake surgery within the first postbleed week and in the presence of arterial spasm. 8 Except in cases with aneurysms presenting because of mass effects, we have not recommended operation for patients in a condition lower than Grade II.
Drake proved that basilar aneurysms could and should be treated. Encouraged by his results others have followed Drake's lead with experience similar to our own. In our view, the earlier argument for nonsurgical management of basilar tip aneurysms no longer applies to patients who remain in or achieve a Grade II clinical status.
We express our deep appreciation to neurosurgical colleagues who believe, as we do, that uncommon conditions must be collected and described in order to improve results through repetition and to them we are indebted for the patients in this series.
